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(57) ABSTRACT

A lighting module has an array of light-emitting elements, a
housing defining at least one opening, and a window frame
that is selectively removable from the opening of the housing.
The window frame has a frame and a window that is operably
secured to the frame. The array of light-emitting elements is
positioned within the housing. The window frame is replace-
able or selectively removable from the housing of the lighting
module. The window frame may include a gasket that is
positioned between the frame and a portion of the window
that is operably secured to the frame. In some examples, the
gasket is a die-cut expanded PTFE gasket.
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REMOVABLE WINDOW FRAME FOR
LIGHTING MODULE

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of U.S. patent
application Ser. No. 13/286,711, filed Nov. 1, 2011 and
entitled “REMOVABLE WINDOW FRAME FOR LIGHT-
ING MODULE”, the entire contents of which are hereby
incorporated by reference for all purposes.

BACKGROUND & SUMMARY

Solid-state light emitters, such as light emitting diodes
(LEDs) and laser diodes, have several advantages over using
more traditional arc lamps during curing processes, such as
ultraviolet (UV) curing processes. Solid-state light emitters
generally use less power, generate less heat, produce a higher
quality cure, and have higher reliability than the traditional
arc lamps. Some modifications increase the effectiveness and
efficiency of the solid-state light emitters even further.

For example, solid-state light emitters emit light from
within a housing or enclosure through a window. While solid-
state light emitters emit less heat than their arc lamp counter-
parts, the temperatures emitted from the solid-state light emit-
ters is still very high. These high temperatures cause damage
to the components of the solid-state light emitters over time.
Sometimes components such as the window through which
the light is emitted is broken or shattered due to the effects of
the high temperatures or from use or abuse of the device.

In another example, solid-state light emitters emit light
from within a housing or enclosure through a window that is
secured to some portion of the housing, which is usually done
by a strong adhesive, such as a UV cured adhesive. Because of
the permanent nature of this UV curing adhesive process,
replacing a broken or worn window is difficult and time-
consuming. Further, replacing such a window often requires
the owner to send the entire system to the manufacturer or
other repair location, which results in a significant amount of
downtime and increased costs and project delays for the user.

Most current solid-state light emitters do not address the
durability of the window or the downtime required to repair or
replace windows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an embodiment of a lighting module includ-
ing a removable window frame.

FIG. 2 shows the lighting module illustrated in FIG. 1 with
the removable window separated from the housing.

FIG. 3 illustrates a perspective view of the removable win-
dow frame illustrated in FIGS. 1 and 2.

FIG. 4 illustrates an exploded view of the embodiment of
the removable window frame illustrated in FIG. 3.

FIG. 5 illustrates a cross-sectional view of the removable
window frame taken along reference line 5-5 of FIG. 3.

FIG. 6 illustrates a cross-sectional view of the removable
window frame taken along reference line 6-6 of FIG. 3.

FIG. 7 illustrates a cross-sectional view of the removable
window frame taken along reference line 7-7 of FIG. 3.

FIG. 8 illustrates a cross-sectional view of the removable
window frame taken along reference line 8-8 of FIG. 3.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

FIGS. 1 and 2 show an embodiment of a lighting module
used in light curing processes. The lighting module 100 is an
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2
ultraviolet (UV) lighting module. The lighting module 100
may apply in any environment and may use any solid-state,
light-emitting elements emitting light of an appropriate wave-
length for curing a particular material.

In the examples illustrated in FIGS. 1 and 2, the lighting
module 100 is a UV curing lighting module 100 that com-
prises an array of light-emitting diodes (LEDs) 102 posi-
tioned within a housing 104 that defines an opening 106. A
window frame 108 is removable from the opening 106 of the
housing 104 and is replaceable when any portion of the win-
dow frame 108 is damaged and needs to be replaced or is in
need of repair or cleaning. The housing 104 is any suitable
housing 104 and can embody any desired shape and size. The
housing 104 includes any suitable materials.

Further, the lighting module 100 of FIGS. 1 and 2 can reach
very high temperatures as a result of the heat generated by the
light-emitting elements 102. In traditional lighting modules,
the window frame includes a window permanently secured to
the frame via glue, cement, or another type of adhesive. FIGS.
3 and 4 illustrate an embodiment of a window frame 108 in a
perspective and exploded view, respectively. The window
frame 108 includes a frame 110 and a window 112 secured to
and removable from the frame 110. Because the window 112
is removable from the frame 110, the window 112 is easily
replaceable when it becomes worn or damaged and thus expe-
riences less down time during repair than the windows in the
traditional lighting modules.

Referring again to FIG. 1, the lighting module 100 includes
the removable window frame 108 secured to the housing 104
of the lighting module 100. FIG. 2 illustrates the window
frame 108 removed from the housing 104 of the lighting
module 100. In this example lighting module 100, the win-
dow frame 108 is secured to the housing 104 via a connecting
element 114. Screw holes 116 align with screw holes 117 in
the housing 104 and screws 118 extend through aligned screw
holes 116, 117 to operably secure the connecting element 114
(and the entire window frame 108 in this example) to the
housing 104.

Referring now to FIGS. 3 and 4, screws 119 that extend
through screw holes 121, 123 in the frame 110 and the con-
necting element 114, respectively to secure the frame 110 to
the connecting element 114. Additionally, screws 120 extend
through screw holes 115 defined in the connecting element
114. FIG. 8 best illustrates the cross-sectional view of the
assembled window frame 108 in which the screw 120 extends
through screw hole 115 and screw 119 extends through screw
hole 121 in the frame 110 and screw hole 123 in the connect-
ing element 114 to operably secure them together.

In some examples, the window frame 108 of lighting mod-
ule 100 includes a gasket 122 positioned between the frame
110 and a portion of the window 112 that is secured to the
frame 110, as illustrated in FIG. 4. In this example, the win-
dow 112 is not permanently glued or otherwise adhered to the
frame 110 as is commonly found in traditional lighting mod-
ules. Rather, the window 112 and the frame 110 are secured
together. The gasket 122 is positioned between the frame 110
and a portion of the window 112 that is operably secured to
the frame 110 and serves as an interface between the portion
of the window 112 and the portion of the frame 110 that are
secured to each other, as best shown in FIGS. 5-8. The gasket
122 includes an expandable material, in some examples,
which permits the frame 110 to expand and contract as the
temperature of the lighting module 100 increases and
decreases during use, which naturally occurs with many
materials that are often used in the frame 110 (e.g., alumi-
num).
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In traditional lighting modules, the window includes a
relatively inflexible material that does not expand and con-
tract as much as (or at all with) the frame. Since the window
and the frame are permanently and directly adhered to each
other in these traditional lighting modules and they have
different abilities to expand and contract in response to heat,
the expansion and contraction of the frame places excessive
stress on the interface between the window and the frame.
Such stress placed on that interface causes the window to
break away from the frame and possibly damage and/or shat-
ter the window in the process.

FIG. 4 illustrates the expandable gasket 122 of the dis-
closed lighting module 100. The expandable gasket 122 pro-
vides an interface between the expandable frame 110 and the
less expandable (or not expandable) window 112 to permit
the frame 110 to expand without requiring the window 112 to
expand and to reduce the amount of force transferred to the
window 112 when the frame expands, as compared with
traditional lighting module configurations. In the disclosed
example lighting modules 100, the frame 110 expands as the
lighting module 100 heats up during use. The expandable
gasket 122 permits the window 112 and the frame 110 to
move with respect to each other and “absorbs™ the expansion
of the frame 110 when the gasket 122 itself expands and/or
stretches to accommodate the expansion of the frame 110
rather than directly transferring those forces to the window
112. Such a configuration preserves the integrity of the win-
dow 112 and prevents damage and wear to the window 112,
which increases the life of the window 112 and decreases the
overall cost of maintaining the lighting module 100.

In some embodiments, the frame 110 is aluminum and the
window 112 is glass. As the light-emitting elements 102 emit
light and generate heat, the aluminum in the frame 110 natu-
rally expands. The glass window 112 has a much lower rate of
expansion in response to heat and cannot sustain the same
level of expansion as the aluminum frame 110. In essence, the
gasket 122 serves as a flexible interface between the alumi-
num frame 110 and the glass window 112 that “absorbs” force
created when the aluminum frame 110 expands and the glass
window 112 does not (or expands slowly with respect to the
level of expansion of the aluminum frame 110).

Further, the presence of an expandable gasket 122 helps
provide a liquid-tight seal between the window 112 and the
frame 110 when they are operably secured to each other.
Many UV curing applications use lighting module 100, which
periodically needs to be cleaned with various cleaning solu-
tions and solvents. For example, the lighting module 100 is
used during UV curing of ink. During the curing process, ink
is sometimes deposited on the window 112 and needs to be
cleaned off with liquid cleansers. When the cleanser is
applied directly to the window or a cloth that is wiped over the
window, liquid can enter the housing of the lighting module
via the interface between the window and the frame in the
traditional lighting module. However, in the lighting module
100 shown in FIG. 4, the gasket 122 helps provide a liquid-
tight seal or interface between the window 112 and the frame
110 because it includes a liquid-phobic material and is
secured to both the frame 110 and the window 112. The
liquid-tight seal helps prevent liquids from entering the inte-
rior of the housing 104 and damaging the electronics posi-
tioned within.

In some examples, the expandable gasket 122 includes
polytetrafluoroethylene (PTFE), which is a flexible, expand-
able, hydrophobic material. The expandable properties of a
PTFE gasket 122 permit the frame 110 to expand while the
window 112 remains stationary (or relatively stationary). The
hydrophobic properties of PTFE gasket 122 help prevent
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liquids from entering the housing 104 at the interface between
the frame 110 and the window. PTFE also is resistant to wear
and damage from UV light, which makes PTFE an excellent
material for the gasket 122 included in the lighting modules
100 that include light-emitting elements 102 that emit light at
a wavelength (or range of wavelengths) that includes UV
light.

Preventing liquids from entering the lighting module 100
preserves the integrity of the electronics positioned within the
housing 104 and improves the overall reliability of the light-
ing module 100. As with the expandable gasket 122, all inter-
faces or seams between parts on the lighting module 100
expose the interior of the housing 104 to the possibility of
liquids entering and causing damage to the electronics and
other elements within the housing 104. To help prevent lig-
uids from entering the housing 104 of the lighting module
100, a connecting element 114 is secured to the window frame
108 on one surface 146 and is secured to the housing 104 on
an opposing surface 148, as illustrated in FIGS. 3-8. The
connecting element 114 serves as an interface between the
window frame 108 and the housing 104 that helps secure the
housing 104 and the window frame 108 together in a manner
that helps prevent liquids from entering the housing 104.

In examples that do not have a connecting element 114, the
window frame 108 and the housing 104 are directly secured to
each other, creating a single seam between them. In examples
that include a connecting element 114, the connecting ele-
ment 114 creates two seams (interfaces) 150, 152, one 150
between the connecting element 114 and the window frame
108 and a second 152 between the connecting element 114
and the housing 104, as illustrated in FIGS. 1, 5, and 6. The
inclusion of additional interfaces or “seams™ helps prevent
liquids from entering the interior of the housing 104 and
damaging or destroying the internal components by provid-
ing a more complicated pathway for liquid to enter the hous-
ing 104. Overlapping seams or interfaces provide even
greater protection against liquids entering the housing 104.
Oftentimes, although not always, the interfaces 150, 152
between the connecting element 114 and the housing 104 and
frame 110, respectively, include overlapping corner(s) or
other edges rather than a simple linear pathway that create an
even more complicated pathway from the exterior to the
interior of the lighting module 100. The connecting element
114 is adiscrete element from both the window frame 108 and
the housing 104 in these examples.

Another aspect of the disclosed lighting module 100 that
helps prevent liquid from entering the interior of the housing
104 includes retaining element(s) 124 positioned on the inte-
rior surface 126 rather than the exterior surface 128 of the
frame 110 that secure the window 112 and the frame 110
together. These interior retaining elements 124 also realize
other benefits for the lighting module 100 in that they reduce
the amount of cumbersome hardware that is located on the
exterior surface 128 of the lighting module 100 and create a
smooth overall appearance for the lighting module 100.

For example, the window frame 108 of the lighting module
100 illustrated in FIGS. 3-5 includes multiple retaining ele-
ments 124 that secure the window 112 and the frame 110
together. The retaining elements 124 are secured to the inte-
rior surface 126 of the frame 110 and secure the window 112
against the frame 110. In this particular example, the retaining
elements 124 are stainless steel clips that are secured to the
frame 110 at or near the edge of the window 112. As shown in
FIG. 5, the stainless steel clips 124 extend away from the
interior surface 126 of the frame 110 and over the edge of the
window 112 to tightly secure the window 112 against the
frame 110.
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The exemplary lighting module 100 includes a related
retaining element in which tabs 130 are integrally formed
with the frame 110 and extend away from the frame 110 to
define a space 132 into which the edge of the window 112 is
positioned, as best illustrated in FIGS. 3,4, 6, and 7. When the
edge of the window 112 is positioned within this space 132,
the tabs 130 help prevent the window 112 from separating
from the frame 110. In the lighting module 100 shown in
FIGS. 3 and 4, the frame 110 includes tabs 130 and flexible
stainless clips 124 to operably secure the window 112 to the
frame 110 at various locations, spaced apart from each other,
around the perimeter of the window 112. FIG. 5 shows a
cross-sectional view of the stainless steel clips 124 that secure
or “sandwich” the window 112 and the frame 110 together
(with the gasket 122 being positioned between the window
112 and frame 110).

FIG. 6 shows a cross-sectional view of the window frame
108 showing the tab 130 integrally formed with the frame
110. An edge of the window 112 is positioned within the
space 132 defined between the frame 110 and the tab 130. The
tab 130 may serve as a rigid retaining mechanism for operably
securing the window 112 to the frame 110. The tab 130 may
be secondary to the stainless steel clip 124 that may serve as
the primary retaining mechanism to moderately secure the
window 112 to the frame 110. This is just one example and the
components may take alternative configurations. FIG. 7
shows an alternative embodiment of the tab 130. The example
window frame 108 illustrated in FIG. 3 includes all three
retaining mechanisms just described: multiple stainless steel
clips 124 and multiple tabs 130 of both embodiments.

The strength of the materials used in the window 112
affects the reliability of the lighting module 100. As discussed
above, the window 112 includes glass and the frame 110
includes aluminum in the examples shown in FIGS. 1-8. Also
discussed above, the lighting module 100 generates heat dur-
ing use and causes the frame 110 to expand and contract in
response to the heat. The expansion and contraction process
apply shear and other forces to the glass window 112. Glass is
not a flexible material compared to aluminum so it does not
flex during this expansion and contraction process as much as
the aluminum frame 110 flexes. However, increasing the
thickness of the glass increases the glass’ ability to sustain
greater shear forces and other stresses. In some embodiments,
the glass has a thickness of at least 2.75 mm in at least some
portions of the window 112. Any suitable thickness of the
glass may be used.

For example, the lighting module 100 includes a glass
window 112 that includes a seat 134 on a first surface 136 and
a smooth surface on the opposing, second surface 138 as
shown in FIGS. 5-8. The seat 134 extends around the perim-
eter of the first surface 136 of the glass window 112 and
engages with a corresponding mating portion 140 of the
frame 110. In other words, the “notched” glass window 112
includes a stair-step shape that extends around the perimeter
of one surface 136 of the glass window 112, as illustrated in
FIGS. 5-8. The portion of the frame 110 that is secured to the
glass window 112 is shaped to include a stair-step or
“notched” mating portion 140 that complements the notched
portion or seat 134 of the glass window 112 when they are
secured together. In such a configuration, the center portion
142 of the glass window 112 (the portion encircled by the seat
134 extending around the perimeter of the glass window 112)
has a greater thickness 144 than the notched portion or seat
134 of the glass window 112, which makes the center portion
142 stronger than the seat 134. In a flat or non-notched glass
window, the window 112 is a uniform thickness that overall is
thinner and thus more fragile and prone to damage and wear
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6

than its “notched” counterpart. The exemplary center portion
142 of the window 112 has a thickness of atleast 2.75 mm (not
drawn to scale in the figures).

FIG. 8 shows a cross-sectional view of the screws 120, 154
that secure the frame 110 to the connecting element 114 and
the connecting element 114 to the housing 104. The screws
120 that operably secure the connecting element 114 to the
housing 104 are described above. The screws 154 secure the
frame 110 to the connecting element 114 from a side surface
156 of the frame 110. This configuration permits the face
surface 158 of the frame to be a solid material without screw
holes (or other retaining mechanisms), which reduces the
amount of liquids that are likely to enter the housing 104
when the face surface 158 of the frame 110 is cleaned after or
during use or otherwise exposed to liquids.

As described above, many elements of the disclosed light-
ing module make replacing the window frame or portions
thereof easy as compared to the more traditional lighting
modules. One method of replacing a window frame in one of
the disclosed lighting modules begins with manufacturing a
housing defining an opening and positioning an array of light-
emitting elements within the housing in any suitable manner.
The housing is manufactured in any suitable manner out of
any suitable material(s). A window frame, assembled in any
of the manners described above, is operably secured within
the opening of the housing. The window frame is removable
and may be replaced when it becomes damaged or worn. For
example, the lighting module illustrated in FIGS. 1 and 2
show the window frame secured to and removed from,
respectively, the housing of the lighting module. Further, the
window and frame are removable from each other, making the
window easy to replace when it becomes worn or damaged.

Many benefits of the disclosed lighting modules have been
discussed. However, additional benefits not discussed herein
will become apparent to one of skill in the art upon reading
this disclosure. Also, some elements of the disclosed lighting
modules may be replaced with suitable substitute elements.
For example, the retaining elements described above may
include any suitable mechanical connectors. Although there
have been described to this point particular embodiments for
a method and apparatus for light curing processes, it is not
intended that such specific references be considered as limi-
tations upon the scope of this invention except in-so-far as set
forth in the following claims.

The invention claimed is:

1. A lighting module, comprising:

an array of light-emitting elements;

a housing defining at least one opening, wherein the array
of light-emitting elements is positioned within the hous-
ing;

a window frame including:

a frame;

a removable window that is secured to the frame with
one or more retaining elements removable from the
frame; and

one or more tabs integrally formed with the frame that
extend away from the frame to define a space into
which the edge of the removable window is posi-
tioned, the removable window filling only a portion of
the space when secured to the frame leaving an open
space adjacent to the window, and wherein the tabs are
positioned apart from the retaining elements and help
prevent the window from separating from the frame;
and

the window frame operably secured within the opening of
the housing with one or more connecting elements dis-



US 9,169,998 B2

7

crete from the frame, wherein each connecting element
is operably secured to the housing by screws.

2. The lighting module of claim 1, wherein the window
frame further includes a gasket between the frame and a
portion of the window that is operably secured to the frame.

3. The lighting module of claim 2, wherein the gasket
comprises a die-cut expanded PTFE gasket.

4. The lighting module of claim 1, wherein the window
includes glass that has a thickness of at least 2.75 mm.

5. The lighting module of claim 1, wherein the window
frame further includes a gasket between a seat of the window
and a mating portion of the frame.

6. The lighting module of claim 1, wherein each of the
retaining elements includes at least one of a stainless steel
clip.

7. The lighting module of claim 1, wherein the window
includes a first interior surface and an opposing second exte-
rior surface, and wherein the window is secured to the frame
with at least one retaining element that contacts the window
on the first interior surface to cause a seat of the window to
press against a mating portion of the frame.

8. The lighting module of claim 1, wherein a connecting
element is discrete from the frame.

9. A lighting module, comprising:

an array of light-emitting elements;

a housing defining at least one opening, wherein the array
of light-emitting elements is positioned within the hous-
ing; and

a window frame removable from the opening, the window
frame including:

a frame having at least one face surface of a solid mate-
rial without holes;

a removable window that is secured to the frame with
one or more retaining elements removable from the
frame;

a gasket positioned between a mating portion of the
frame and a seat such that a liquid-tight seal is
formed between the window and the frame; and

one or more tabs integrally formed with the frame that
extend away from the frame to define a space into
which the edge of the removable window is posi-
tioned, the removable window filling only a portion
of the space when secured to the frame leaving an
open space adjacent to the window, and wherein the
tabs are positioned apart from the retaining ele-
ments and help prevent the window from separat-
ing from the frame.

10. The lighting module of claim 9, wherein the gasket
comprises a die-cut expanded PTFE gasket.

11. The lighting module of claim 9, wherein the window
includes a first interior surface and an opposing second exte-
rior surface, and wherein the window is secured to the frame
with at least one retaining element that contacts the window
on the first interior surface to cause a seat of the window to
press against a mating portion of the frame.
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12. The lighting module of claim 9, wherein the window
includes glass that has a thickness of at least 2.75 mm.

13. A method of replacing a window frame on a lighting
module, comprising:

manufacturing a housing defining at least one opening;

positioning an array of light-emitting elements within the

housing;

assembling a window frame that includes:

an aluminum frame; and

a glass window having at least one smooth surface that is
operably secured to the frame with one or more retain-
ing elements removable from the frame; and

one or more tabs integrally formed with the frame that
extend away from the frame to define a space into
which the edge of the removable window is posi-
tioned, the removable window filling only a portion of
the space when secured to the frame leaving an open
space adjacent to the window, and wherein the tabs are
positioned apart from the retaining elements and help
prevent the window from separating from the frame;
and

operably securing the window frame within the opening
of'the housing with the one or more tabs and retaining
elements.

14. The method of claim 13, further comprising removing
the window frame from the opening of the housing and
replacing the window frame with a replacement window
frame that includes:

a replacement frame removable from the opening of the

housing; and

a removable replacement window that is secured to the

replacement frame.

15. The method of claim 13, wherein the window frame
further includes a die-cut expanded PTFE gasket that is posi-
tioned between the frame and a portion of the window that is
secured to the frame.

16. The method of claim 13, wherein the window includes
glass that has a thickness of at least 2.75 mm.

17. The lighting module of claim 1, wherein the window
includes a seat extending along a perimeter of the window
such that the seat is engaged with a mating portion of the
frame.

18. The lighting module of claim 1, wherein the one or
more tabs form overhangs that aid in holding the removable
window to the frame.

19. The lighting module of claim 1, further comprising a
connecting element that includes a first surface that is secured
to the frame and a second surface that is secured to the
housing.

20. The lighting module of claim 9, wherein the window
includes a seat extending along a perimeter of the window
such that the seat is engaged with a mating portion of the
frame and the gasket is positioned between the seat and the
mating portion.



